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SYSTEM AND METHOD FOR GEOCODING 
DIVERSE ADDRESS FORMATS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is related to and claims priority of the 
US. provisional application No. 60/295,103 ?led on May 
31, 2001 by Julia Miller and Chuck SchWerin and entitled 
“SYSTEM AND METHOD FOR GEOCODING DIVERSE 
ADDRESS FORMATS,” Which is incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

Although the development of the Internet suggests that 
the World is becoming more connected, hence smaller and 
less dependent on geographical data, in fact the neW possi 
bilities enabled by the neW technologies make geographic 
information more valuable. It is increasingly important to 
develop databases that are compatible With the various 
diverse formats for street-level addressing to Zip codes in 
use in the World. Geographical information is noW playing 
a major role in providing mission critical information about 
clients, products, physical assets, and other information that 
enhances the corporate bottom line. Even consumers Who 
?nd products on the Internet often Want to avoid paying 
unnecessary tariffs or to locate the closest outlet or service 
point for a product. 

Thus, loW cost geographical information, also termed 
spatial information, is signi?cant for the expansion of com 
merce and free trade by allowing seamless integration of the 
various local address formats into an evolving and Widely 
accessible database suitable for integration With other prod 
uct and service details. Once relegated to the back of?ce and 
proprietary systems due to complexity and cost, neW tech 
nologies have enabled integration of spatial information into 
mainstream Relational Database Management Systems 
(“RDBMSs”), Where it can serve an enterprise business need 
cost-effectively. Spatial-data-related RDBMSs support stor 
ing, managing, accessing, and updating spatial data. The 
Internet has provoked a steep increase in demand for data, 
analysis, presentation, and representation With maps/ spatial 
data being but one component. As a result We have seen the 
introduction of a variety of technology solutionsifor 
example, HTML, XML, ASP, JAVA, and COMithat help 
meet the demand. 
Some of the applications of spatial data include routing, 

geocodingithe process of generating latitude and longitude 
information corresponding to a geographical location, 
reverse geocodingigenerating a geographical location, 
such as an address from corresponding latitude and longi 
tude information, mapping, ?nding a geographically nearest 
location of interest, acquiring position, and the yelloW 
pages. Typically, a geocode represents a particular geo 
graphic area. Preferably, a grid de?ned by longitude and 
latitude coordinates de?nes a geocode corresponding to a 
location of interest on the surface of the earth. Alternative 
examples of geocodes include Zip codes as used by the 
United States Postal Service. 

Such spatial data has additional signi?cance. Ready 
knoWledge of the location of its assets, markets, clients, 
distance and time required for shipping goods, geographic 
relationships betWeen clients, assets, products, and the like 
is valuable to a company. The company might be further 
interested in ?nding all customers contained Within a par 
ticular service area for target marketing a neW product or 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
service available in that area. For instance, if the service area 
boundary changes then the customers remaining in a par 
ticular service area and the ones moved to a neW service area 

are of interest. Instead of visiting each customer record to 
determine the neW service area, the spatially-enabled system 
alloWs one to simply change the service area boundaries, 
perform a neW query With the “contain” or “overlap” func 
tion, and let the system do the Work for you. 
An example of softWare for associating geocodes With 

other business data is provided by SpatialWare® from the 
MapInfo Corporation Which provides spatial data processing 
Within an RDBMS environment. This system creates a 
tightly integrated solution With the database, alloWing the 
user access to spatial extensions Within the normal database 
environment and its tools. Thus, users and administrators 
can perform the majority of database tasks, such as deter 
mining driving directions to a desired destination, from 
Within the normal tools provided by the database vendor. 

Another example of spatial data applications is provided 
by mobile location services for locating and servicing cus 
tomers on the move. With the aid of such capability, one may 
offer a discount to customers Who happen to be Within a 
de?ned distance of a store via a Wireless device; or survey 
people for their responses or recollections of a signi?cant 
event Within a de?ned distance and time of the event taking 
place. In such applications it is important to rapidly locate a 
customer and estimate the layout of a particular geographic 
area. In an example of applying spatial technology, an 
insurance company could rapidly determine the addresses 
and identities of its customers affected by an event of interest 
and respond rapidly to provide customer satisfaction With 
loWer transaction costs. Other applications include preparing 
dynamic and interactive maps representing prevalence of 
cancers and other diseases provided online, or designating 
areas for a franchise to best cover a targeted market, making 
maps for a neW area, and the like. In these and other 
applications, the use of su?iciently Well resolved geocodes, 
in general, is superior to relying on mere addresses (even 
With Zip-codes) since rapid and effective search techniques 
available at a desired spatial resolution, e.g., using a suitable 
R-tree (described beloW). 

Locating an address, or any other object of interest, or a 
customer can be accomplished by generating a geocode, 
e.g., a latitude and longitude specifying a position on the 
surface of the earth, or a postal code, such as the United 
States Postal Service Zip code, and other variants. Creating 
a displayable map corresponding to a collection of geocodes 
involves associating a graphical display object (such as point 
objects, line objects and area objects) With a geocode. 
Displaying an ordered set of graphical objects corresponding 
to selected geocodes renders a corresponding map to a user. 
Examples of such maps include the familiar driving direc 
tions for going from one location to another that are noW 
available for most regions in the United States. These are, 
not surprisingly, often found in conjunction With Internet 
sites providing advertising or location information. 

All of the above applications require not just cataloging, 
but also looking up spatial data repositories. Spatial data can 
be advantageously indexed or otherWise organiZed to enable 
ef?cient searches. For instance, the R-Tree index organiZes 
records by the geographic extent of each object. Objects can 
be grouped together and described as being contained Within 
a larger rectangular space. The siZe of each space is depen 
dent upon the number of obj ects in that space. As the number 
of objects increases, the space can be further split into tWo 
or more subspaces, thus reducing the number of objects in 
each neW area. The process continues until the entire geo 
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graphic extent of the data is covered, and the number of 
objects related to each area is approximately equal. 

Underlying all of these applications is the need to collect 
and organize geographical information. Preferably, 
addresses and maps corresponding to the entire World need 
to be entered into a suitable database in vieW of the increas 
ingly integrated World economy and the global reach of the 
Internet. Typically, a geocoding engine is implemented in a 
client-server architecture to respond to a request for one or 
more geocodes corresponding to a particular address. In the 
alternative, such an engine may be provided geocodes and a 
corresponding address requested. Not surprisingly, such a 
system has to be scalable to maintain responsiveness under 
the load of multiple concurrent requests. 

The extraordinary diversity of the formats for addresses in 
the World (With multiple geocode formats Within even a 
single nation) along With the various languages in use 
presents a formidable problem in constructing and deploying 
a common geocoding engine. Since a request to obtain a 
geocode corresponding to an address in one nation may be 
received in another nation With a different addressing sys 
tem, or even language, integration of all of the geographical 
information of interest is di?icult With many nations being 
too small for a dedicated geocoding engine While others are 
too diverse to be served by just one conventional geocoding 
engine. 

Cost effectiveness requires e?icient geocoding engine(s) 
that can handle diverse types of geocoding requests. This 
goal introduces performance penalties since the different 
address formats increase the computational overhead both 
While retrieving addresses (or geocodes) from a database 
and in building or updating the database itself. Alternative 
addresses present yet another challenge since it is possible, 
even Within the same system, to specify an address in more 
than one Way based on little more than personal style. In 
addition, partial addresses and degenerate addresses, e.g., 
multiple cities and streets With the same name or similar 
names require an ef?cient look-up strategy to identify a best 
match. Examples include the many ancient cities referred to 
by their various names such as Varanasi, INDIA is also 
termed as Kashi, INDIA, or Benaras, INDIA. This diversity 
is compounded by the deliberate changes in names of cities 
or streets in response to political pressures. 

SUMMARY OF THE INVENTION 

The present invention provides a system and method for 
handling and communicating geocoding requests seeking or 
updating spatial information. The disclosed method provides 
geographical information to a plurality of users employing a 
plurality of formats by encoding geographical data to gen 
erate default data in a parent class that may be customiZed 
via an overriding sub-class. The class implementing parser, 
matcher, interpolator or data access is preferably determined 
based on a country code in the request. This country code 
may be explicitly or constructively speci?ed With appropri 
ate defaults alloWed. 
A geocoding engine constructed in accordance With the 

invention reduces the overhead While providing for coordi 
nation in handling requests containing multiple address 
formats and updates in spatial information. A single geoc 
oding engine is capable of handling requests comprising a 
variety of address formats and constraints. The engine 
preferably includes modules for detecting a country code 
designation, invoking a parser corresponding to a country 
code, detecting a postal code, detecting a World city name in 
the received request, obtaining a candidate list, invoking a 
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4 
matcher module for evaluating the candidate list, and invok 
ing an interpolator for generating a geocode corresponding 
to a selected candidate. 
A system in accordance With the invention provides 

spatial information to a plurality of users With the aid of a 
generic Matcher module, a customiZed local Matcher mod 
ule, a generic interpolator module, a customiZed interpolator 
module, one or more servlets for managing local requests by 
preprocessing and forWarding input received from and out 
put sent to a client. The geocode engine coordinates Inter 
polator, Matcher and databases by determining Whether 
customiZed data is available in preference to default data. 

Advantageously, a multithreaded design is employed to 
provide a stable implementation that can process and allo 
cate resources for batch as Well as individual requests. 
Moreover, communication of geocoding requests, data and 
results is facilitated by the use of XML code Words disclosed 
herein, i.e., elements and attributes for communications 
across netWorks. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates the architecture of an 
exemplary computing environment for practicing the inven 
tion; 

FIG. 2 illustrates steps for providing address information 
in a geocoding request; 

FIG. 3 illustrates example steps for processing a geocod 
ing request; 

FIG. 4 illustrates exemplary steps for processing a street 
level geocoding request; 

FIG. 5 illustrates exemplary steps for processing a postal 
code level geocoding request; 

FIG. 6 illustrates exemplary steps for processing a World 
city level geocoding request; 

FIG. 7 illustrates an exemplary geocoding engine; 
FIG. 8 illustrates exemplary steps for processing a geoc 

oding request seeking spatial information; and 
FIG. 9 illustrates alternative exemplary steps for process 

ing a geocoding request. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention provides a system and method for geoc 
oding on a Wide variety of platforms and processing inter 
national address data in a variety of formats. A preferred 
embodiment of the invention executes on any platform 
providing support for the Widely available JAVA virtual 
machine (“JVM”). 
The invention provides a JAVA-based geocoding solution 

that is portable IQ and suitable for international geocoding. 
Use of a ?exible binary data format alloWs any type of 
address data to be stored. In addition, a data creation utility 
provides international users With a method to put country 
speci?c data in the binary format available for use in 
geocoding With a minimum of additional effort. 
An embodiment of the invention creates a multi-threaded, 

platform-independent geocoding engine, Written entirely in 
Java, incorporating WorldWide (generic) components for 
address matching, parsing and interpolating, a data access 
component that enables it to read addresses from a database 
in a binary format, as Well as country-speci?c Java classes 
Whose address rules supercede those of the WorldWide 
classes. An example organiZation of a database is to store 
data in data structures (such as folders/objects) correspond 
ing to the country code to ensure consistent retrieval of the 
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data. Moreover, the data structures may in some embodi 
ments be organized to alloW overriding subclasses to update 
the data or organized in databases With the country codes as 
keys for searching and accessing the data. 

It is desirable that modi?cations of, or extensions to, a 
geocoding engine alloW continued use of existing Geocod 
ing API (Application Programming Interface) speci?cations. 
At the same time these are necessarily modi?ed to handle 
additional requirements imposed by the increased diversity 
in the address types handled both by supporting partial or 
alternative addresses and International addresses. The dis 
closed invention alloWs construction of embodiments that 
are suitable for continuous modi?cations in a constantly 
changing World. The ef?ciency gained by the use of feWer 
geocoding engines to handle diverse address types in queries 
enables better service. 

In another aspect, it is desirable that a geocoding engine 
be capable of being implemented on machines supporting 
single- or multi-threaded computations. A thread safe design 
not only makes the engine stable, but also alloWs multiple 
requests to be dispatched concurrently, thus requiring feWer 
engines to service a large volume of geocoding requests. 
Moreover, the engine may be implemented on machines 
having more than one processor. 

In another aspect, a geocoding engine in an embodiment 
of the invention, is capable of further ef?ciency by geocod 
ing a single address or accepting and geocoding a batch of 
addresses. This reduces the volume of independent requests 
and makes the task of obtaining geocodes or updating 
databases easier for remote users of the geocoding engine. 
Moreover, batch geocoding requests can be better processed 
With improved allocation of resources in a multi-threaded 
design. 

FIG. 1 illustrates an example system 100 for an embodi 
ment of the invention. JServer Client 102 receives input 
from User 104 and communicates it to JServer Servlet 106, 
preferably in eXtensible Markup Language (“XML”). 
I server Servlet 106, in turn, communicates With (geocoding) 
Engine 108. Engine 108, in response to the speci?ed (or 
default) country code causes the user input of an unre?ned 
address (Unre?nedAddress) to be parsed by a parser corre 
sponding to the country code. The country code speci?c 
parser, e.g., Local Parser 110, parses the input address for 
further processing by Engine 108. In the absence of a local 
parser, a generic parser is used. Notably, in the example 
system of FIG. 1, a generic parser is used for isolating city, 
country and postal code information. 

Although, in the example embodiment, spatial informa 
tion is as limited as the geocode point passed as a response 
to a geocoding request, additional spatial information may 
be included in alternative implementations. It should be 
noted that spatial information is readily transmitted after 
encoding in XML since there are available de?nitions for 
simple geometric objects suitable for geographical informa 
tion in the form of the Geography Markup Language (pres 
ently in version 2 and available from http://WWWopengis 
.net/gml/0l-029/GML2.html at the time of ?ling of the 
application) that is incorporated herein by reference in its 
entirety. Thus, coordinates, shapes such as streets, blocks 
and the like are readily communicated via XML (i.e., GML) 
across netWorks Without requiring extensive resources asso 
ciated With images in general. In addition, elements have 
been de?ned to better manage communications over the 
netWork for more particular operations and parameters than 
general geographical information. 
Some particularly suitable XML elements, the names and 

parameters, and their special values presented as attribute 
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6 
list (!ATT LIST), introduced for handling such information 
are described in Appendix A. An example non-exhaustive 
set of such XML elements, one or more of Which may be 
employed to transmit geocoding information, consists of 
XML comprising at least one of the members of the set of 
elements consisting of RequestEnvelope, ResponseEnve 
lope, USA_GeocodeRequest, USA_ParsedAddress, 
USA_StreetAddressData, AddressNumber, PreDirectional, 
PostDirectional, StreetBase, PreThoroughfareType, Post 
ThoroughfareType, USA_GeocodeConstraints, Address 
Constraints, AddressCloseMatchConstraints, MustMatch 
HouseNumber, MustMatchStreet, MustMatchZipCode, 
MustMatchCity, MustMatchInput, SearchRadiusExtension, 
DistanceFromComer, DistanceFromStreet, ZipConstraints, 
GeographicAreaConstraints, GeographicAreaCloseMatch 
Constraints, MustMatchUrbaniZation, MustMatchCounty, 
MustMatchState, PointOfInterestConstraints, CASSCon 
straints, USA_ResponseConstraints, MaxCandidates, Suc 
cessResponse, FaultResponse, USA_GeocodeResponse, 
USA_GeocodeLocationList, USA_GeocodeLocation, 
USA_GeocodeFaultResponse, FaultMessage and Fault 
Code. 
XML elements may also be vieWed in the context of their 

function and/or implementation. In accordance With such an 
example classi?cation scheme XML elements may be 
described as belonging to one or more of the folloWing 
categories: 

Package information, Which includes elements such as 
RequestEnvelope, ResponseEnvelope, GeocodeRequest, 
SuccessResponse, FaultResponse, ResponseCode, Message, 
GeocodeSummary, RequestResult, and GeocodeRequest 
Type. 

Generic address components, Which includes elements 
such as InputAddress, Address, AddressConstraints, Addi 
tionalFields, AddressNumber, AreaName1, AreaName2, 
AreaName3, AreaName4, Country, GenericFieldl, Gener 
icField2, GenericField3, GenericField4, MainAddress, 
placeName, postAddress, postCode1, postCode2, postDi 
rectional, postThoroughfareType, preAddress, preDirec 
tional, preThoroughfareType, unitType, unitValue, and Can 
didate, unitsOfMeasure. These elements assist in 
communicating information about various administrative 
designations in an address of interest. 

Response Constraints, Which includes elements to help 
tune the scope and nature of the geocoding process. Some 
example elements include as ReturnCloseMatchesOnly, 
IncludeRequest, IncludeParsedAddress, IncludeActualCon 
straints, MaxRanges, maxCandidates, olfsetFromCorner, 
olfsetFromStreet, and CoordinateReferenceSystem. 

Matching constraints dictate the restrictions placed on the 
generation of the requested geocodes typically to avoid 
Waste of resources and/or ensure a best match. Examples 

include elements such as FallbackToPostalCentroid, close 
MatchesOnly, fallbackToGeographicCentroid, Geocode 
Constraints, BaseConstraints, and AdditionalConstraints. 

Matching quality information, Which includes elements 
such as addres sNumb erMatched, areaName2 Matched, 
areaNamelMatched, areaName3 Matched, 
areaName4Matched, countryMatched, 
genericFieldl Matched, genericField2Matched, 
genericField3 Matched, genericField4Matched, 
postCodelMatched, postCode2Matched, streetNameFields 
Matched, placeNameMatched, matchPrecision, TotalLoca 
tionsFound, TotalLocationsRetumed, and TotalClose 
MatchesFound. 
DEU Country speci?c address components, Which 

includes elements related to specifying German addresses. 
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Similar country speci?c address components are possible for 
other countries With each potentially meriting such individu 
aliZed attention Within the dame geocoding engine setup by 
the methods and system of the described invention as 
DEU_AddressData, Hnr, Postfach, Pirma, Str, PlZOrt, 
DEU_AddressGeographyData, PLZ, Ort, Country, Must 
MatchPlZ, MustMatchHnr, MustMatchOrt, MustMatchStr, 
MustMatchInput, DEU_GeocodeFaultResponse, DEU 
_GeocodeLocationList, DEU_GeocodeLocation, DEU 
_GeocodeResponse, DEU_GeocodeLocationList, DEU 
_ParsedAddress, and DEU_GeocodeConstraints. 

It should be noted that the listed elements along With their 
attributes are illustrative and not exhaustive. Moreover, 
variations Without departing from the spirit of the invention 
are intended to be included Within the scope of the invention. 

Notably, response to a successful geocode request 
includes a response Without any candidates since a correctly 
formed request that generates no candidates is not consid 
ered a fault. In a preferred embodiment, response to a 
geocode request containing a fault is handled differently by 
throWing an exception. In this context a fault means that 
there Was a condition that prevented the geocode engine 
from running. 

The proposed XML elements have the advantage of 
communicating geocoding requests, the form of envelope 
desired for sending or receiving a request, the data relevant 
for making particular requests, and constraints on both the 
requests and results that a user may desire to impose. 
Appendix B to this disclosure includes a description of JAVA 
based classes for a possible implementation of an embodi 
ment of the invention. 

FIG. 2 illustrates steps in processing a user initiated 
request in a system similar to that illustrated in FIG. 1. 
During step 200, a user, e.g., User 104, inputs a request 
containing address data in a client application, e.g., J Server 
Client 102. Next, during step 210 the request is evaluated to 
determine Whether it contains a country code. If a country 
code is detected then the address data is stored in a country 
speci?c data structure during step 220. If the country speci?c 
data structure is not found, such as for an invalid country 
code, then in a preferred embodiment control passes as if the 
country code Was not speci?ed and a default country code is 
employed. Alternative embodiments may generate an error 
message by throWing an exception or create a corresponding 
data structure among many possible actions. OtherWise, the 
address data is stored in a generic data structure during step 
230. Control from steps 220 and 230 then passes to step 240 
Wherein the address data is encoded in XML and transmitted 
to the Server from the client. 

User 104 may also specify parameters associated With the 
address speci?cation. Not all data retrieved from Data 
Access 112 (for instance Local Data 118, that preferably 
re?ects local, country speci?c features) Will satisfy the 
speci?ed geocode constraints. Consequently, the retrieved 
data is subject to processing by Matcher 114, that is pref 
erably also speci?c to the country code, although a generic 
matcher is available for customiZation. This speci?city 
alloWs for inclusion of local address peculiarities into the 
matching process by alloWing scoring of meaningful 
matches With loWer computational and maintenance over 
head While ensuring easy upgrades. The output of Matcher 
114 is further processed by Interpolator 116, that is also built 
by further customization of a generic version to obtain local 
version. 

The system also includes one or more facilities for 
inputting data for continued upgrading and expansion of the 
range and types of geocodes and addresses. Accordingly, for 
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8 
instance, Local Data Creator 120 collects address data and 
geocode data that is input, for instance optionally as an XML 
message, to Data Constructor 122. It should be noted that a 
geocoding engine does not require data encoded in any 
version of XML. Indeed, data creators may choose any data 
encoding format. XML provides an increasingly popular 
means for communicating data to the geocoding engine and 
receiving data from the geocoding engine. Data Constructor 
122 can also retrieve existing data in TAB format from 
Original Local Data 124. Data Constructor 122 then pro 
vides data to build Local Data 118 that is particularly useful 
in contexts of interest. The country code speci?ed in a user 
input alloWs navigation of data to locate data corresponding 
to the country code. In the absence of a country code, 
generic data access is still possible With the aid of a default 
country code assignment. 
The format of the data is ?exible and may be changed in 

different implementations of the invention Without departing 
from the invention. The use of a preferred binary format to 
represent data provides security by making the data less 
transparent While reducing the need for separate encryption 
of data during transmission or storage. This format also 
satis?es international encryption requirements as Well as 
maximiZes geocoding speed. The design of customiZable 
parser, matcher, interpolator and data storage With the aid of 
JAVA classes alloWs use of small footprint implementations 
that are further customiZed by merely overriding a parent 
class to introduce neW data or functionality, hence customi 
Zation re?ecting a country or political changes. 

This ?exibility alloWs capability for geocoding at post 
code, city, street, point of interest level, or any other geo 
graphic centroid level. Advantageously, the Geocoder 
assumes that a country code is one ?eld being passed in 
unless a default code exists in metadata. Moreover, a country 
code need not be provided if all addresses exist in the same 
country or satisfy the same addressing pattern or if geocod 
ing is based on recognizing names of cities, particularly 
Well-knoWn cities. 
As described above, a geocoder consists of several mod 

ules, including a parser, a matcher, an interpolator, a data 
access piece, and the geocoding engine. Although a Graphi 
cal User Interface (“GUI”) is not required, it is advantageous 
to include a GUI for a more user-friendly product design. A 
Java GUI is preferred to the continued use of WindoWs GUI 
to ensure portability of the product across various platforms. 
Moreover, users of a Java GUI may optionally connect via 
JServer Client 102 and JServer Servlet 106 or directly to 
Engine 108 via an API. 

Di?ferent versions of the geocoders may be limited to one 
or a feW countries, including for the purpose of testing 
Without departing from the spirit of the invention. Moreover, 
the geocoding ability may be restricted such as in only 
providing address and postal geocoding. 

Preferably the GUI for the Local Data Creator 120 is 
separate and need not be available to the typical user, e.g., 
User 104. The data creation routine is, among other things, 
useful for creating data for a particular country. Subse 
quently, such data may be packaged in an integrated product. 
Of course, some users may also Want the data creation 
portion in order to create their oWn data ?les. The data 
creation utility is independently useful for setting up local 
iZed data, for instance a customiZed dictionary functionality. 

For country data in TAB format the data creation utility 
has an interface that enables data creators to describe the 
structure of the data. Accordingly, a data creator, e.g., Local 
Data Creator 120 of FIG. 1, indicates columns for street, 
segment, range and unit portions of the street data, as Well 
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as centroid information, mapping of geographic areas to 
search area codes, and so forth. 

Typically, the parser accepts an Unre?nedAddress object 
and return a ParsedAddress object. In vieW of the diversity 
of address formats in the World, there is no generic address 
parser. Therefore, a suitable parser has to be created or 
instantiated for each country or jurisdiction(s) sharing a 
common addressing format. In the absence of a speci?ed 
country, a default country speci?cation may be employed to 
invoke a default parser. 

To add a neW country, data is preferably created from TAB 
?les using the data creation utility. An address parser is also 
provided along With the creation of a country-speci?c ver 
sion of GeocodableAddress that indicates the parser to be 
used. Moreover, the existing Data Manager, Matcher, Inter 
polator, and CandidateAddress are usable for the neW coun 
try or further customiZation is possible by subclassing them 
to enhance or change the default functionality. 

The data constructor, e.g., Data Constructor 122 of FIG. 
1, also creates a country-speci?c GeocodableAddress object, 
such as a USAGeocodableAddress object corresponding to 
USA. This object can use all the methods of the base class 
and provides a constructor as Well as sets the parser class 
name. Of course, GeocodableAddress functionality can be 
further extended or changed With no loss of generality. 

In another aspect J Server servlets, e.g., JServer Servlet 
106 of FIG. 1, may pass requests off to specialiZed servlets 
depending on type (e.g., the street address geocode requests 
may be handled by a servlet different from that handling a 
postal centroid request). These specialiZed servlets each 
have their oWn process space, and each servlet has its oWn 
DataManager. The number of such specialized servlets is 
small. Moreover, they may be on different machines pro 
viding a natural netWork-compatible implementation. In this 
regard it should be noted that functionality of Servlet 106 of 
FIG. 1 includes the functionality of the specialiZed servlets 
described above. 

The ?rst request from a servlet to the engine classes 
causes the DataManager for the local data to be started With 
concomitant reduction of Waiting time for users due to 
intitialiZation of the DataManager. Once created, the Data 
Manager is available for subsequent calls Without further 
initialiZation. 

Advantageously, user preferences are communicated by 
use of a GeocoderConstraints object that itself may be 
customiZed for each country. As the engine receives a 
request from a user, it ?rst invokes the parser, then the 
DataManager to get candidates, the Matcher to rank the 
candidates and ?nally the Interpolator to position the points 
for providing a result to the user. 
As previously described, for extending the default func 

tionality of the geocoder or changing default behavior, a 
localiZer has the option of extending the provided classes. 
CandidateAddress can be extended to hold speci?c data or 
just to access the generic data differently (for instance, 
getStreetName instead of getString(3)). 

The matcher can be extended to customiZe hoW matching 
is done, instead of just checking exact match on ?elds. For 
example, if the street type does not match but everything 
else does, some users may Want to consider this a better 
match than one Where the house number is incorrect but 
everything else matches. 

If there are special rules for house positioning on a street, 
the localiZer may Wish to derive a speci?c Interpolator to 
customiZe the placement of points. 

Similar customiZation is possible for the DataManager as 
Well. By default, the GenericDataManager class assumes 
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that data for country XYZ may be found in the XYZ 
subdirectory off the main data path. But in some cases there 
are further re?nements. In the US, for instance, one Data 
Manager may handle addresses in Puerto Rico While a 
second DataManager stores data for addresses in the rest of 
the country. The tWo DataManagers Would have separate 
data directories, and the data may contain different columns, 
metadata, and versions. 

Alternatively, a DataManager may check a special ?le to 
obtain additional information for an address, such as the US 
unique ZIP Code category. 
An example of a JAVA based functionality is the Map 

InfoTM corporations’s MapXtremeTM Java functionality for 
reading TAB ?les, modifying tables, databases, and so forth. 
This MapXtremeTM Java functionality is also suitable for use 
by the data creation module to read the TAB data ?les. 

FIG. 3 illustrates an example set of steps for processing a 
geocoding request. An address in a request, When com 
pletely speci?ed includes loWer and higher level adminis 
trative designators. A loWer level administrative designator 
is, for instance, a street, block number, or similar naming 
scheme. A higher level administrative designator, usually 
simple an administrative designator, is typically a city, toWn, 
or similar organiZed settlement. It is possible to provide 
geocoding centroids corresponding to the postal code, the 
administrative designator, or even the loWer level adminis 
trative designator in response to requests providing various 
levels of information in the many possible ?elds in a request. 

Accordingly, during step 305 if there is not administrative 
designator, e.g., no city is speci?ed, then the control goes to 
step 310 for testing for the presence of a postcode. Since a 
postcode typically may also function as an alternative 
administrative designator, if there a postcode detected, con 
trol passes to step 315. HoWever, if there is not postcode 
speci?ed then the method terminates, possibly With a fault 
being communicated to a user. In alternative embodiments, 
a Well-knoWn loWer level administrative designator may be 
sufficient to alloW further processing (not shoWn), but typi 
cally in the absence of an administrative designator and a 
postcode, the method ends. 

If a postcode or an administrative designator is available, 
then control passes to step 315 for identi?cation of at least 
one loWer level administrative designator. If there is no 
loWer level administrative designator, then control passes to 
step 320. During step 320 if a postcode is available then a 
centroid corresponding to the postcode is provided as the 
corresponding geocode during step 330. If only the admin 
istrative designator is available then, the administrative 
centroid is provided as the corresponding geocode during 
step 325. 

If a loWer level administrative designator is available, 
then control ?oWs to step 335 to identify any unique 
identi?ers. Examples of unique identi?ers include house 
numbers/identi?ers, names of buildings, landmarks, and the 
like. In the absence of any unique identi?er, control ?oWs to 
step 340 for providing a loWer level administrative centroid 
as the corresponding geocode to the user. On the other hand 
if one or more unique identi?ers are available then the need 
and possibility of performing an interpolation operation is 
evaluated during step 345. If interpolation is feasible, then 
the geocode incorporating interpolation (if desirable) is 
provided as a response during step 350. HoWever, if a 
precise geocode is not available and no interpolation is 
possible then control ?oWs to step 340 to provide a loWer 
level administrative centroid as a geocode. 

FIG. 4 further illustrates some exemplary steps for street 
level geocoding. During step 400, the input address is parsed 
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by a country-speci?c parser to generate a parsed address 
object, i.e., the address is divided into signi?cant pieces that 
may, for instance, be treated as attributes or ?elds for 
searching a database. In an embodiment of the invention, an 
Unre?nedAddress object is processed by a parser to generate 
a ParsedAddress object. Both Unre?nedAddress and 
ParsedAddress are subclasses of WorldWideAddress class 
that extends java.lang.Object. The WorldWideAddress class 
de?nes an Address interface to provide a generic address 
structure. The Address interface has a number of accessor 
(get and set) methods for managing various parameters such 
as country code, thoroughfare and the like. Moreover, the 
accessor methods can vary by the particular country as 
subclasses of WorldWideAddress. 

Next, during step 410, this parsed address object is then 
processed to standardiZe it to ensure use of standard abbre 
viations, names and the like. During step 420 candidate 
addresses are identi?ed, e.g., by searching Local Data 118 of 
FIG. 1. During step 430 Soundex is used to identify 
addresses that sound like the main part of the address and to 
correct errors. In an embodiment of the invention, the 
capability to sound out addresses is provided by abstract 
class Soundex that extends java.lang.Object. This abstract 
class de?nes What a Soundex object can do. Each locality, 
i.e., country, either has a neW corresponding Soundex object 
or is associated With an existing object. These locality 
Soundex objects should be in the country package, With the 
language mentioned in the name such as USAEnglishSoun 
dex, USASpanishSoundex, CANFrenchSoundex, 
CANEnglishSoundex and the like. 

Address matching preferably further includes restricting 
candidate addresses by user-speci?ed or other geocoding 
constraints during step 440. For instance, only candidates 
Within a speci?ed postal code may be acceptable. The 
identi?ed candidate addresses are ranked, during step 450, 
by scoring the extent of match betWeen various ?elds of a 
candidate address and the input address. Next, during step 
460, geocode coordinates corresponding to the candidate 
addresses are determined by looking up a database and/or 
using an interpolator, e.g., Interpolator 116 of FIG. 1, to 
estimate geocodes from knoWn geocodes if a precise geo 
code for the address is not readily available. Finally, during 
step 470, the results are provided to the client application 
after encoding in XML. 

FIG. 5 illustrates exemplary steps for geocoding at the 
postal code level. Postal-code-level geocoding includes 
attempts, if possible, to correct typographical errors in postal 
codes and the like to identify exact and close matches. The 
fallback position is to require exact matches to the provided 
postal code. Accordingly, during step 500 if a country 
speci?c parser is available, control is passed to step 510 for 
parsing the postal code With a country-speci?c parser. Next, 
during step 520, additional country-speci?c functionality 
included in the postal-code is identi?ed. During step 530, if 
a country-speci?c retrieval is possible, then control passes to 
step 540 for retrieval of additional country-speci?c postal 
code candidates and then onto step 550. Otherwise, control 
passes via step 545 to step 550 for continued use of the 
provided postal-code in the user input. 

If a country-speci?c matcher is available then control 
passes to step 560 for ranking of postal-code candidates and 
correcting/accounting for possible typographical errors in 
the speci?ed postal-code folloWed by control passing to step 
570. OtherWise, during step 565 only exact matches are 
processed and during step 570 results are provided to the 
client application. 
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In the absence of a country-speci?c parser for identifying 

relevant parts of a postal-code control passes from step 500 
to step 580 for parsing With a generic parser folloWed by a 
retrieval of postal-code candidates during step 590 and 
sending results to the client application during step 570. 

FIG. 6 illustrates some exemplary steps for major city 
level geocoding described in FIG. 2. During step 600 a 
language used to specify a World city name is identi?ed. 
Next, during step 610, the World city name is identi?ed in 
the language used to enter it in the input address With control 
passing to step 620. If country level data access is possible, 
then control passes to step 630 during Which Soundex and 
other country-speci?c aids enable retrieval of candidate city 
names. Otherwise, control passes to step 640 during Which 
a generic data access alloWs retrieval of candidate city 
names. Control passes from steps 630 or 640 to step 650 
during Which the candidate city names are associated With a 
level of importance. Then, during step 660 the candidate city 
names are preferably, but not necessarily, ranked and 
ordered based on level, geography, spelling and the like. 
Thus, for instance, in a preferred embodiment cities such as 
Paris, Tex. are likely to be ranked beloW Paris, France. 
Finally, during step 670, results are returned to the client 
application folloWing encoding in XML. 

FIGS. 3*6 illustrate the use of Candidate retrieval With the 
aid of country-speci?c data access. Such access enables the 
use of Soundex and similar techniques to correct possible 
spelling errors in processing partial or even incorrect address 
input by a user. For each candidate retrieved, matching 
alloWs scoring of various sub-?elds With a Weight attached 
to the comparison With the input address. Combined With the 
standardization described previously to ensure uniformity of 
abbreviations, spelling and the like, the tolerance for various 
forms of the same input address is increased to provide a 
friendlier and more useful tool. Moreover, the use of JAVA 
and XML alloWs use of the softWare not only on various 
machines, but interactively over netWorks Without requiring 
extensive processing by intermediate nodes. Geocoding 
services can be offered on a global scale in accordance With 
the invention to meet various business and personal needs. 
The handling of postal-codes, a type of geocode them 

selves, to generate corrected postal-codes and geocodes in 
the form of speci?ed geographic coordinates such as longi 
tudes and latitudes, e.g., of the centroid of the area covered 
by the postal-code, alloWs translation betWeen different 
types of geocodes. 

FIG. 7 illustrates an exemplary design for a geocoding 
engine. Geocoding engine 700 provides geocodes in 
response to receiving address information from a remote 
user. This address information is preferably communicated 
encoded in XML and is associated With a default or explicit 
country code designation detected by a module for detecting 
a country code 710. For customiZed handling of a request, 
the engine includes a module for invoking a parser corre 
sponding to the country code 720 to provide a parsed input 
address that best re?ects meaningful sub-parts of the 
received address. Modules for detecting a postal-code 730 
and detecting World city names 740 in the received geoc 
oding request alloW processing of the request by generating 
candidates via a module for obtaining a candidate list 750 
corresponding to at least one member of the set consisting of 
the postal-code, the parsed input address, and the World city 
name. This candidate list is further evaluated as a result of 
a module for invoking a matcher module 760 preferably 
invoking a matcher module corresponding to the country 
code. As previously described, matching may also correct 
errors by aid of Soundex and a consideration of alternative 



US 7,039,640 B2 
13 

names and the like. Upon matching, the various members of 
the candidate list are scored and ordered With geocodes 
retrieved for the best match(es). These geocodes are 
obtained, if required, With the aid of a module for invoking 
an interpolator 770 corresponding to the country code. The 
interpolator uses knoWn geocodes to generate a geocode 
corresponding to a selected candidate in the vicinity of the 
knoWn geocodes. 

FIG. 8 illustrates exemplary steps in a method for pro 
viding geographical or spatial information, such as geo 
codes, to users employing diverse formats. The method 
alloWs extensible design by placing, during step 800, default 
data and methods in a parent class and then, during step 810, 
customiZing the parent class in a sub-class. Thus, if the data 
is accessed directly through the sub-class then the custom 
iZed data is obtained from ?elds customiZed by the sub-class 
While the default data remains available, if required, in the 
parent class. During step 820, a determination is made to use 
a particular class for processing a request, for instance, by 
considering a country code designation. Accordingly, the 
address information in a request is parsed by a selected 
parser to generate a parsed object during step 830. Next, 
during step 840, candidate addresses are obtained and 
matched to generate a set of ordered matches corresponding 
to the parsed object for responding to the user request. 
During step 850, a geocode for a candidate address may be 
generated by interpolating using the street geometry and 
address ranges. This is particularly useful for generating 
maps, streets and the like corresponding to a location of 
interest. Finally, the result is communicated to the client, 
preferably in an XML encoded message. Alternatively, any 
other machine readable encoding may be used. 

FIG. 9 further illustrates an alternative to FIG. 3 as 
exemplary processing of an XML encoded request received 
at a geocoding server. As a preliminary matter, it should be 
noted that such a request may optionally be transmitted as a 
Simple Object Access Protocol (“SOAP”) request by trans 
mitting a Hyper Text Transfer Protocol (“HTTP”) compliant 
envelope containing the SOAP XML encoded request. 

During step 900, the XML request is translated into an 
abstract address structure based on the country and request 
type and control ?oWs to step 910. During step 910, if a 
postal code is detected in the address, then control ?oWs to 
step 920 for postal-centroid geocoding. OtherWise, control 
passes from step 910 to step 930. During step 930, if a major 
city name is detected in the address then control ?oWs to step 
940 for geocoding city based addresses. On the other hand, 
if during step 930 a major city name is not detected, then 
control ?oWs to step 950. During step 950, a determination 
is made if the address corresponds to a country-speci?c 
parser. In response to a failure to detect a suitable country 
speci?c parser, the procedure terminates during step 960. 
OtherWise, street-level geocoding is performed during step 
970. The geocoding result is provided to the client applica 
tion during step 980, preferably after encoding them in XML 
as Well. In this preferred embodiment described in FIG. 9, 
geocoding is enabled in the alternative at the postal code, 
city or street-level. In other embodiments, the order of the 
steps may be modi?ed or concurrent processing alloWed to 
enable use of one or more of postal-code, city name, and 
street level geocoding. 

It Will be appreciated that the various features described 
herein may be used singly or in any combination thereof. 
Thus, the present invention is not limited to only the 
embodiments speci?cally described herein. While the fore 
going description and draWings represent an embodiment of 
the present invention, it Will be understood that various 
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additions, modi?cations, and substitutions may be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned in the accompanying claims. In 
particular, it Will be clear to those skilled in the art that the 
present invention may be embodied in other speci?c forms, 
structures, and arrangements, and With other elements, and 
components, Without departing from the spirit or essential 
characteristics thereof. One skilled in the art Will appreciate 
that the invention may be used With many modi?cations of 
structure, arrangement, and components and otherWise, used 
in the practice of the invention, Which are particularly 
adapted to speci?c environments and operative requirements 
Without departing from the principles of the present inven 
tion. The presently disclosed embodiment is therefore to be 
considered in all respects as illustrative and not restrictive, 
the scope of the invention being indicated by the appended 
claims, and not limited to the foregoing description. 
We claim: 
1. A computer implemented system for providing spatial 

information to a plurality of users, the plurality of users 
employing a plurality of formats, the system comprising: 

a generic matcher module for identifying at least one 
geocode corresponding to a query; 

a generic interpolator module for determining at least one 
geocode datum in a database in response to receiving 
an input address; 

at least one servlet implemented on a local server for 
managing local requests by preprocessing and forWard 
ing an input received from a client to a geocode engine 
and receiving a response from the geocoding engine 
and forWarding the response to the client; 

the geocode engine for coordinating at least one interpo 
lator, at least one matcher module, and at least one 
database containing geocode data by determining 
Whether customiZed data is available in preference to 
default data in response to the input received from the 
at least one servlet; 

a parser coupled to the geocode engine for parsing a user 
request; and 

a data constructor module for accepting input from a local 
data source and converting the data into at least one 
designated binary format suitable for a common data 
base. 

2. The system of claim 1 further including a local matcher 
module. 

3. The system of claim 1 further including a local inter 
polator module. 

4. The system of claim 1 Wherein the servlet is executing 
on a machine supporting multithreaded operations. 

5. The system of claim 1 Wherein the servlet is executing 
on a machine supporting single threaded operations in a 
thread_safe*mode. 

6. The system of claim 1 Wherein the servlet is executing 
on a machine having multiple processing units. 

7. The system of claim 1 Wherein the geocode engine 
handles each input from the at least one servlet indepen 
dently. 

8. The system of claim 7 Wherein the geocode engine 
handles each input from the at least one servlet on a separate 
thread. 

9. The system of claim 1 Wherein a single geocoding 
engine handles all user requests for geocodes for addresses 
encompassing more than one country. 

10. A computer implemented system for providing spatial 
information to a plurality of users, the plurality of users 
employing addresses in a plurality of formats, the system 
comprising: 
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a generic matcher module for identifying at least one 
geocode corresponding to an input address; 

a generic interpolator module for determining at least one 
geocode datum in a database in response to receiving 
an input address; 

at least one servlet implemented on a server for managing 
local requests by preprocessing and forwarding an 
input received from a client to a geocode engine and 
receiving a response from the geocoding engine and 
forwarding the response to the client; 

the geocode engine for coordinating at least one interpo 
lator, at least one matcher module, and at least one 
database containing geocode data by determining 
Whether customiZed data is available in preference to 
default data in response to the input received from the 
at least one servlet; 

a parser coupled to the geocode engine for parsing a user 
request; and 

a data constructor module for accepting input from a local 
data source and converting the data into at least one 
designated binary format suitable for a common data 
base. 

11. The system of claim 10 further including a local 
matcher module. 

12. The system of claim 10 further including a local 
interpolator module. 

13. The system of claim 10 Wherein the servlet is execut 
ing on a machine supporting multithreaded operations. 

14. The system of claim 10 Wherein the servlet is execut 
ing on a machine supporting single threaded operations in a 
thread_safe_mode. 

15. The system of claim 10 Wherein the servlet is execut 
ing on a machine having multiple processing units. 

16. The system of claim 10 Wherein the geocode engine 
handles each input from the at least one servlet indepen 
dently. 

17. The system of claim 16 Wherein the geocode engine 
handles each input from the at least one servlet on a separate 
thread. 

18. The system of claim 10 Wherein a single geocoding 
engine handles all user requests for geocodes for addresses 
encompassing more than one country. 

19. The system of claim 10 further including a local 
server. 
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20. A computer implemented method for providing spatial 

information to a plurality of users employing addresses in a 
plurality of formats comprising the acts of: 

receiving an input request from a user Wherein said input 
request contains address data; 

evaluating said request for identifying at least one geo 
code corresponding to said request, said identifying 
further comprising matching at least one geocode cor 
responding to an input address; 

transmitting said request to a server comprising at least 
one servlet Wherein said server being adapted to man 
age local requests by preprocessing and forWarding an 
input received from a user to a geocode engine and 
receiving a response from the geocoding engine and 
forWarding the response to the user; 

determining at least one geocode datum in a database in 
response to receiving an input address; 

determining through a geocode engine Whether custom 
iZed data is available in preference to default data in 
response to said request from said servlet Wherein the 
geocode engine coordinates at least one interpolator, at 
least one matcher module, and at least one database 
containing geocode data; 

receiving a response and forWarding said response to said 
user; and 

accepting through a data constructor module input from a 
local data source and converting the data into at least 
one designated binary format suitable for a common 
database. 

21. The method of claim 20, further comprising evaluat 
ing a request to determine Whether said request contains a 
country code. 

22. The method of claim 21, Wherein if a country code is 
detected, said request is stored in a country speci?c data 
structure. 

23. The method of claim 21, Wherein if a country code is 
not detected, a default country code is employed. 

24. The method of claim 20, Wherein said request is an 
XML message. 


